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(54) Title of Invention 

Method for manufacturing grain-oriented electrical steel sheet having superior magnetic 
properties. 

The present invention relates to a method for manufacturing grain-oriented electrical 
steel sheet to be used for core materials of transformers, motors, generators and other electronic 
devices, in which carry out hot rolling after slab heating at a low-temperature instead of high 
temperature. 

The method according to the present invention comprises the steps of: preparing a steel slab 
containing, in weight%, C:0,035~0.050%, Si:2.9-3.3%, Mn:0.32% or less, P:0.015% or less, Sol. 
A1:0.0 11-0,017%, N:0,008-^,012%, S:0.007% or less, Ni-K:r:0,06-^.18%, Cu;0,6% or less, the 
remainder of Fe, and Mn/S weight ratio:20.0 or more, Cu/Mn weight ratio; L5 or more; heating 
the steel slab at a temperature of 1250-1300 1; and then carrying out hot roUmg the steel slab; 
carrying out first cold rolling the hot rolled steel sheet so as to control the thickness of die sheet 
to 0.60-0.75mm; carrying out decarburization-annealing at a temperature of 820-840 1; under 
hydrogen atmosphere containing moisture; carrying out second cold rolling to a final thickness 
and carrying out intermediate-annealing; and coating the annealing separator containing MgO 
onto the steel sheet and then carrying out th finish high temperature annealing at a temperature of 
1150-1200 TC for lOhr or more. 
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^0 1 .80-1 .86 N^sKTesla) <^SSi 1|aH*l H^ISfiat n oi?. ^H^tfQ xj^rBi B 

10 SiOl 1.89 Ol^al Mc^ M«s| S^li^SSS i-Jfe StSiH, o|SS ?|«^ e< 

:qi2H*l gJ-»^a7|Sie-2j ^gvsiss 2-4%a) ^T±;2|^ gj^s- omHs. MnS"-} MnSeS "S* 

01 ^a^- 7^esae Ah^cife wns^ ain §£J -m^^soi ^^ggoiiAi oiah^sj^ct -m^sjsi^ 

^ifJ^i^PI ^®KJ4 StK54 Xlfedl. om 1400^ :n.^o\\M 5A|2> §£24 ^^l7hSa«W S^K o|nl|. :2.^si ± 

^\s. saoiiAife A|i^HKgo^ Si a Fe t[st^o| ii|-o|cHato| B(Fayaiite)s|"c •t^s^*s oi 

§ao| 1300-c S£S ^oh sScHlAi^Ei ^oh maiTll StK oiKH ^omiaife uh^ss SslMia|7l| ^n^o\ 

Misj^foii ^'s^^o\ sfsissAi g^HAi m^^^^ais sH^oiof &ck i^atxH ^- ©s s^fe sii^^roiiAi 

^Hh^ioi >,a}a 1280-12801C ^5011*1 5^flO| 7^^S^c^el *l|«3ha| Zt^ ^S. ttOlxifeS aSt^ 0|a{# 7|CH 

^HFH 7in^S.s\ i^a^^ tlS WlSAf^ §JMa<SJ ?^^^oil a«s|21 5U*o1 CH5i7W g^BOl AllE^sicH g^cK 

oi^oj ^\°ye ±^[s. :^ia^s7|■ M?:! =1^ 130010) o|«HHI-M ««H5 7|€.aie! x^7| 

5{ m^o ^^5^^ ^0|cj. Olfe 7|S -^-g-^llal 3ES, ^:^1S>:a|-S7faSAlE (110X001] aPflSI 2*hJ|lig# a^^Ili =r 

ci. axB^7^;c|ft| SX[ 7|*#S ?Jfto||Al s^S. aasKH i^Mioil^hxi 7||^« 9?HaS 89-8334, 89-13200. 92- 

702728. 92-9999, 92-14941 3^ SolttiS 89-682 S0| JlcK 0|Se 3.^ ^iiS. B 

,0 7l5ai 1.89 6^|^a^ oi4,k3si a7|i^e*« cH4^as ■yxusioi ^s. 7\^ss.^ ^2oov 

o\t\m. as 115otcn|A^ siot^i. s^as^7| *i*iiAi gi^xj q^nj^i ^3-&2| *mei N^e* g-. 

ojiAi M^oh7| ^^sl|A^ ihEhi:§ ^;q(Mjoil Sit^ ^^SAl^lfe sJagSo| S^sJSS ^7^s|:il 2icf. atSW o|S8| 7|«# 
e ^ehifal >la^B 7t^^£2! 1250-1 280*CMch £4|B| ^eilfo)! ofaf -yS 5|Si}-ao| 5tl:2, # 

a xiBia SSSa|7t oiaTii nofi njaj ^Em^-f»fto| fin. ct^eH :ita^» 7hafl)t ji7F 

€^oH7^ 7hk«^ %tS«fcH tiSoicK 

-& B-Se^leN*! ShS^ a7|4hCf« aJSi-^^sJ *\B-\ 7h@Si£.' 1250-1300X5 -^^oilAH <a^^?^ 

Q = ^^n^ Mn-s[s.m.M, 7i^^ siiig§oiiAi t£2^om Aj^oi ^o\e. 3|goi 7hk5R, 2>«s|si a^s- 

eiw|g^ 4^Mo|| £|5H (110)(0011 «iaSS £.i^^£i£ S^>-1?|7| oj|d|±§ ggg. ^a^*U ftB 

^^\t\oi ^^<u'^Msi 7f3cHiLixi» y^fe SSI aaa<2! ^Pi*! 9« aife a7m&si nsE<et 

0|«t. e tt@(H| cH«t(4 Va||«| idSthc^. 

ft Q'li^e^ «-fl<HI %0\M, C : 0.035%-0.050% Ol$K Si : 2.9-3.3%. P : 0.015% o|*K 

Al ; 0.011-0.017%. N : 0.0080-0.012%. S : 0.007% 0\V\, Ni3^ Crfi| SEfe : 0.06-0.18%, Mn : 0.32% 0|«f 
Cu : 0.6% 01*1-, Fe 7|eh #7hii|a- ^-S^^, Mn/S S^apf 20.0 014^013. Cu/Mn SifapH.S 0|^eJ 2f ^:B^ 

«^ 1250-130010^1 ■&££^l^^cl|A^ 7|-S*hcH ^2}2J-23»^, sa-a-2S|°| yZ}BJ°^o)| £|SH 2|^=j||S SSfh Cfg. 

7ia&s sHaoii »s aoict. 

ft g>Ssi A}^B ^iia^M 7^^o| 7^k«^ ^^Tliaj «1S 21^5^ e|fll*l|si aHSS JII^SS «haoi| St 

cf. 

* a^al 7is ei:«l|xilte AINO|:a ejJpsi CujS 31 MnS7t a|&« a2«^fe SEHoia. s#s| ^eJH 7«ofl A^$«^fe 
MnS^I S^fi 7F^& *!■ ei»i|*ffe 2!0| s 8^i|ai *gos, o|5 ^s|| S»^S JfflSSSSoflAi aa| 7\^tim±^2i 

0.007% o|*^s e|x^|e^fe aoi & ^aai ^g^ai woiq. 

ft -MS^^ei 74SS eSfS- a^il- JlSftS.-= MnS?!- 12801C n cfgol AIN najJl CugSte 1200X3 SSS ^ 

2 ^Zl^SAj Mr^g- I200t! 0|x|E} AINO! fetal CugSSl S¥te llOOtS ^Slfl-'^' 2{Sit:K 
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site 50] S ?jg2i 7H|2Sa«^a| ^goi^K 

SI 0.035-0.050%S aol ufgtsjOfcf. 

71 Si2l IflfS 2,9-3.3%S xilth^te ao| uHJsiafch. 

-M?So,1.3^^^ S7^A, l^^^^^A, s^site Mn f t^',^^^^^^^^ 

a^siisi i«f-^^ol atSfsiSa Mnai 0.32% 0|«^S Mr./SS| 20 o|4^££ 2io| "Hf 

ai«SS0||AH 7|Maos th#a(H 7fet^ a 0 nH. fitef 0.007%* ^3tsW S-n-Hia 

^S^^iS^xT WAr4iss*pr"Ehy ^ aisHs s *ii»«toi mm a ai^s 0.007% 

S ssl a7p s^Ii^^a o\M\^o\ s^^H$^oi "H^'^^w s^soi. o.oi7%« ^^^o ^if^J.^"^ ° 

ilo 1 0U001 ] J2xr«ias^ ois^i«ho4 :c^7|si ^4301 astsiss, ^^i aisi srtfs s« AigfsM 

0.01 1-0.01 7%S xiiaste 5io| Hl-ifSldfcf. 

a l^ofo 008% ^^•^'« ^l^- °-°12%S SL^m S7FAl»llfe ifafiSoi) aal^N 
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,1= *.»k-L^ atc=- Aias 7^xlll 9io\M *a^o| ^S'?'^ ^aisFi-h 0.015%77WS n 



r..- ^9Sr ae^*^o^ cu ssj -i^ftss <m«s§ ^isoii^i a§s)2 a& xisobai 4|fi*H>l ainsi 

SivstN ijafgol aamei s^o« ^fe 4^eHs H set o^u|a^ 2xt ^^^^^^''f],^ 

i'^^ SisL Ss5 alol Siins « CSS 0.6% 0|*^S Cu/Mn SS«lfe 1 .5 ol4^2S 

o.o6-o.i8%s ^i^hsffe 5!oi n^#sl«^=^. 

^IIh nSSI» SbISS 2aU 7lss£2! i25ot)oiixi sta* ^tio^s. n^i^i ^^a7^ 5^#^^o^ g^ni^ 
at c[4s\ aiS4:ss s«tHs«i . ^'^■sh ^h7i*^§ 3ife s^s^ a7i?^eoi flisacK 

[HMOi 1 C : 0.042%, Si : 3.11%. Mn : 0.205%. S : 0.006%. N : 0.0098%. P: 0.014%. Cu:^^ - 

0 04%. N : 0.06%S 7|S-^^>llS A)S« 0.007. 0.01 1 . 0^014. 

JojIs ^^racK 0101 550-C<«|Ai MOO ES 51 1200150||A1 aoA^ *|# 2S±^SS| 3S« 7H*1 ^^H^ 

S7|ifS-i- 3f||SSt OlSSj ^|-7|S| Sf^^ X^^g!£, B 

(4|A|<HI 2]S3%S, C : 0.043%, Si : 3.15%. Mn : 0.225%. Al : 0.0U%. N : 0.0104%. P : 0.015%, Cu : 0-521%. Cr: 
0 05% N 0 05%4 7|^4H S?l S t\JL 3S Sgf^ 0.003. 0.005. 0.007. O-OlO. 0.014%S S-W^l 200mni ^'Hl^ ±^\f. 

1o?^^^ 2*^ "1*1111 «^se 2A^©nl. a aajs ^ 2 jeoii aeKJiacK 

2 £o« M6h^^ b^i^^sol ssol s o.oo7%»Wfe o|aiiuoi goiffia x^^aE7n.83 E«^s^ oi^« l-^e^g^a 

a 0|^^"S7JA| DHma^oi #7>$KH xh^fl£7t x|«h@S a ^ «c+. 

[•felAMI 3mS%S, C : 0.039%. Si : 3.05%. S : 0.005%. Ai : 0.012%. N : 0.01 10%. P : 0.015%. Cu : 0^05% Cr : 
0 05% N fo 05%# 7IS4H S^IS t}lL MnlfS S^JAl^l Mn/S-PF 10. 20. 35. 50, 650| ft^^M" ^7f S ffl^^^^^^^ 

vm Tis * oimsi xt^as. B 
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* oil l-^E^t^ Bhfif^oi. Mn/S7h loamfe »fl«s| SSf^S 25mmu.5 ^ool. Mn S^Hfol o.32%« 

S.3\^ Mn/S«l 65SJ a^fe ¥4=*^ »II*S1 ZOmmul* "-feN-M ^lat^^oi m\ ^S7^*I7^ 

[^■^Nl 4]#|f%S. C : 0.044%. Si : 3.01%, Mn : 0.195%. S : 0.005%, §S Al : 0.013%. N : 0.0105%. P : 0.014%. Cr : 

0.05%, Ni : 0.05%* 7(S«gJllS *fi Culf# Cu/Mnu|7^ 0.5. 1.0. 1 -5. 2.8. 3.50| !E|£^ Cu S^Hf^ 

200mm ^HS] >:BFH6 fllsmacK o|aS o|*. ^a|<«| laj ^aesaSLS S^^iBJh 7^SSaoll'«^^E^ si^s^^iS 3S 

'^S.^ns. n\ A sod «-hEH4l5ai:K ^ 4 £«| ^-^e^t.^ HWSOl, Cu/MnH|7h 0.5SI S^fe- :^V^a£7F 1 .60 H^HS.} 0|«^S ^Jl 1 

kSBi. cu/Mnoi i.oai 3^ xj^as 1.78-1.84 m^s.\si s^s l-^e^Mll'f a*^7^aIls^ sEtj 
5t§ 1-jEmio) s}S3^o! 5st«toi. cu/Mnoi 3.5S feoH Cu s^Hfoi o.6%g "dss^ a^fe ae.^^^ 

x^^as7|. 1.78 Efl>ia|. s^SSl Sl-Sh -^t^ai 'Hlgol ^^s|hs €• tfgs^ S^oIIaH aejuf Cu/Mnu| 

7H .5-2.82! S ^.60 E||itejoi4^S Me^iaS^oi 1 .24w/ko o|$tg l-^e^L|lA^ xf^o| 

[^AMI 51§^%S. C : 0.044%, Si : 3.01%. Mn: 0,195%. S : 0.005%, §5 Al : 0.013%. N : 0.0105%, Cu : 0.515%. P : 
0.014%# 7|S«S7flS o\ym CrSf NiSi fflShlQ * 200mm ■^'Hiai ±^S.9 ns.n%c[. 0|3!dS 01?: 41^10)1 

m «S1%>'£2!£.£ ^afs 7h$i$^o||4H^B( ^SllS^S S'S^W ^ o|«s| xplsj ^^^^^ B 
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4.^71 5 1011 i-tEhy ahsf^oi, Cr Si Ni S7Hfo| StTiq s^g H|5i:^||-l.2a| 9^ 2*f 8^0] #e^«*K*l °iAl|ll ^«oi Qf 

Mou 2ig§ s ^ Sick e>aoii a7^^o| o.2%« tiiiQ^-3.421 2*f ^a^noi ^asew 

01 £*|ai & ■t' sycK 

[^Aldl 6]§^%S. C : 0.039%. Si : 3.12%. Mn : 0.225%, S : 0.005%. Al : 0.014%. N : 0.0095%, Cu : 0.510%. P : 
0.015%, Cr : 0.05%. Ni : 0.05%S ©KH 200mm ^^S\ :S:e^s» ^HSiracK -^.^^l ±Z\BS 7^SS£ 1200. 1225. 1250, 
1275. 1300. 13251CS qMZHH SSff * SZ>8^^S 0|;?. -yAlofl 1 jif #^3EaSS ltJilS^ti<HW^N *l 

athfj «i«si x^7|^s} us., b 

10^ SI rtJtflsl g§0fl 2|a ^ a^ifg ^ 5 Eoll L4EHJIS1CK x|| 5 SoflAi, itxHal $$o|| S|a ^^SiS %S 

4eFl||5{ick 

?Hi 5 £011 LjBhth b^a^s^o|. 7FssE7Fsoraoii tc^a^ s^^hsioi 1 250^011 Ait i.ss l-^E^LH2iH«>^, 

1300to||Ai 7^5,^ ^^?hS %r ^ stick aBji-K l325"C0||Aite h|jasi g^sS x^^a£• «-fem|$axiq} jISOII SJtV S& 

cK s i^sei i25o-i275t; ?2}oflAi^ ii:xi|2i s§oi a»i ai5a«o^, i3oo-coi|Aite $#oj ^jsjoi xi^asl-^ 

oil €:J^m Wi^^^ ^ 

[■&!A|04| 7]§§f%S, C : 0.039%. Si : 3.12%, Mn : 0.225%. S : 0.005%, SSAI : 0.0i4%, N : 0.0095%, Cu : 0.510%. P : 
0.015%. Cf : 0.05%. Ni : 0.05%S «^oj 200mm ^»I12| ^&iS.S fl|S«facK Oj^jg 0|3;i ^A|o(| m Z^3.S. S^jfe 

n'SS^oHM^^i §3€ B ^ISSSS 7f£! ^^^«FSlcK 0| sSSi *i\MS. i£| ^ 
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.^a 9! *4^si 241 ^^aass jH2j*h2cK 1SI s^aae ii20TcoqAis) a^is 71*1 1*1 ijaas sis o.somm ^my 

SI 2a g^^aS 1120"CO||Ai ojae 1x|- yz^y^os O./Smm ^ns. g^^aa- ^ 920'CCH|Ai 2*^ "dZfg^ 

^©S 0.30mm ¥»i|S g^fi* 830X)S| #SS*17|ol|Af SfefAg. MgO S.S, 3! 1200'COIH 20A|?fi|§ 71*J 



u u 



w m \t a 
4w an u u 



5 2011 ^m>d ahsf^oi, s tf-gsi nisgsfi 7^^| xh^SH7f feU a^s y-s ^^^^^^ 7;|-7|si-^-g§ a|-ast;2 ns. 
i-h, S#a| isi &^a§ TiS H|ja73i-is| 2*f xHgg ^^oj oia-hh ^^#o| feof xh^asfe ^t\ 

Alt xKjoj 2S s=^sisioa ^iSHSAisi Atss aas ^ ac^. 



S7|2^e§ ii|2E*|.t &^ao|l SicHAi, C : 0,035%-0.050% Ol«|.. Si : 2.9-3.3%, Mn : 0-32% 0|*^, p : 0.015% 

o|*K Al : 0.011-0.017%. N : 0.008-0.012%, S : 0.007% 0|*|-, Ni^f Crfi| 5£te : 0.06-0.18%, Cu : 0.6% 0| 
Fe a 7|E^S?^^(*^§^5 S^s|ji. Mn/S ^^a\7\20.0 o\^o\il, Cu/Mn o|-yoj ^ 1250- 

13001C2I ££^z}oi|Ai 7^s^^c^^ siL^£^ola^ 'a^,^i^tf i*h yiz>s^^on m o.6o-b.75mm & i^f#. 320- 

840X;S| ^§ ^±§?j7|o||Ai iS\^. 0|CH s|#^»l|£ 2*h yj}^^* ^t\JL, 500-600X;o^|A^ 

Meos :tSSa|*ii5 JEi«^ja. 11 50-1 20010011 Aj ioai^p oj^aj m9 "h^ai a-S:ts# as ^S£s 




ficfi- fi^n aezf 



PAGE21/21«RCVDAT118l20071:W:54PMIEasternStandardTiineI«SVR:USPTOOT ^.V" 



